IT is usually held that renal calculi form either in the pelvis or in the calyces. Sir J. Thomson-Walker appears to regard it as very doubtful whether a calculus can form in the renal substance. He says: "It is said that a calculus has rarely been found embedded in the substance of the kidney and unconnected with the calyces. I have not met with such a case." From personal observation in two cases, I am convinced that the first step to the formation of a calculus may be the appearance of a cyst in the cortical substance. In this cyst a calculus is later deposited and it is likely later on that the cyst may rupture into a calyx in which accordingly the calculus may come to lie. I do not suggest that this mode of formation is of frequent occurrence, but unless it is recognized, the chance of overlooking a stone during operation is increased.
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IT is usually held that renal calculi form either in the pelvis or in the calyces. Sir J. Thomson-Walker appears to regard it as very doubtful whether a calculus can form in the renal substance. He says: "It is said that a calculus has rarely been found embedded in the substance of the kidney and unconnected with the calyces. I have not met with such a case." From personal observation in two cases, I am convinced that the first step to the formation of a calculus may be the appearance of a cyst in the cortical substance. In this cyst a calculus is later deposited and it is likely later on that the cyst may rupture into a calyx in which accordingly the calculus may come to lie. I do not suggest that this mode of formation is of frequent occurrence, but unless it is recognized, the chance of overlooking a stone during operation is increased. Obeervation I.-In a case under my care, renal calculi were successfully removed from an infected left kidney. A second operation for the removal of multiple calculi from a disorganized right kidney was fatal. The necropsy showed that all calculi had been removed from the kidney, but in its upper pole, unconnected with the calyces, was a small cyst containing turbid fluid and lined by a layer of gritty debris. Small gritty areas could be appreciated by the finger, though they could not be seen, in the substance of the left kidney.
Ob8ervation II.-After the removal of a group of calculi fromn a kidney by subcapsular pyelotomy, the two smallest calculi, one of them known to be of recent origin from a comparison between two radiographs of different dates, could not be detected. A probe was passed from the pelvis into the calyces but it failed to detect them. Needling of the kidney substance in the suspected region was equally unsuccessful. A finger cautiously introduced into the renal pelvis also failed to find them. On bidigital palpation between this finger and a finger laid on the convexity of the kidney slight indurations not hard enough to suggest a calculus were felt in the suspected regions. At these two points the cortical region was incised with the point of a knife. Each incision entered a small smooth-walled cystic cavity containing turbid fluid, within which lay a small mobile calculus about ;-in. in diameter (8ee fig. 1, A and B ).
It is certain that these cavities did not communicate with the pelvis, for it was already freely open, and there was nothing to suggest their origin from the blocking of calyces.
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One of these two stones was known to be the youngest calculus present in the kidney, a fact which suggests that the others, after originating in cysts in the same way, had passed secondarily by ulceration or rupture into the calyces and the pelvis.
Observation III.-In the Museum of the Royal College of Surgeons is a specimen numbered 3618 (now shown) of a kidney split open, and containing a calculus wedged in the pelvis. Near the middle of the convexity of the kidney and lying close under its capsule is an empty cystic cavity, ovoid in form, and measuring 1 in. by . in. in section. Coldwell of the right kidney. C is a large calcuilus in the pelvis. A and B are two small calculi which were found lying in cysts in the renal cortex unconnected with the calyces. In a radiograph taken eight months earlier only calculi B and C were present.
This communicates by a narrow, oval opening about l in. by I in. in measurement, with a long dilated calyx, I in. in diameter, which leads down to the blocked pelvis. I suggest that the stone formed in the cystic cavity, which ulcerated into the calyx.
The stone then passed into the pelvis and lodged there. The obseryation is from the nature of the case a suggestion only, but I believe the specimen represents a third stage in the history of a cyst-calculus. How otherwise can one explain the existence of a globular cystic cavity at the blind end of the calyx, extending right to the surface of the kidney, and communicating. by a constriction with the dilated calyx ?
It is noteworthy in the descriptions of kidneys with renal calculi that the calyces are often described as extending almost to the surface of the kidney, even in kidneys the substance of which is not greatly atrophied. I suggest that in some cases the portion of these supposed enlarged calyces which lies in the cortex is the original cavity of a cyst in which a stone has for-med, and that the communication with the calyx is secondary (see fig. 2 ). The normal calyces end at the apices of the pyramids and do not extend into the cortical substance.
I have not been able to form any idea as to the frequency with which a renal calculus originates in a cyst of the cortex, but my observations prove pelvis andl all its branches are dilated into large pouches, over which the glandular substance is spread out and atrophied. The dilated pelvis and many of the calyces are full of large calculi.
Note that there is no general atrophy of the renal cortex. it appears likely that the "large pouches," in which the calculi lie, and which extend nearly up to the capsule were formed, not by dilatation of calyces, but as cysts in the renal cortex. beyond a doubt that a calculus may originate in this way, and I suspect that this mode of origin is frequent. It is evident that, just as in the case of a sacculus of the bladder, the little stagnant pool of urine in a urinary cyst of the kidney supplies conditions very favourable to precipitation. With these few remarks on the pathogenesis of renal calculi, I now pass to the more important part of my paper, a consideration of the best method of removing stones from the kidney. NEPHROLITHOTOMY, I maintain that the operation of nephrolithotomy, or splitting of the kidney, is an unscientific procedure to be regarded only as a last resort. It is an operation sometimes attended by dangerous bleeding and always by permanent injury to its secreting substance. Moreover, it may fail in its object of exposing all the calyces, for one or more of them may not lie in the place of the incision (see fig. 3 ). It should be reserved for cases of very large calculus such as one which I removed successfully, which measured 5 in. in length, and for cases in which the necessary exposure for an incision into the renal pelvis cannot be effected owing to a short pedicle or a deep loin. During the last ten years I have only twice been driven by necessity to do a nephrolithotomy in preference to a pyelolithotomy.
Thomson-Walker in his work on " Surgical Diseases and Injuries of the Genito-Urinary Organs," adopts, it seems to me, too detached an attitude in discussing the rival claims of nephroand pyelolithotomy, and yields too large a territory to the former operation. But that his real preference is for pyelolithotomy is shown by his recommendation of this operation in the critical eases in which a stone has to be removed from a solitary functional kidney.
Cases Suitable for Nephrolithotomy.-Very large calculi, irremovable by way of the pelvis, can sometimes be extracted by splitting the kidney, without a nephrectomy. In cases with a short pedicle and a deep loin, pyelolithotomy may be impossible, and nephrolithotomy quite feasible. RESTRICTED NEPHROLITHOTOMY. Though " splitting the kidney" in a plane posterior to its mid-coronal plane has thus a very limited field in present-day surgery, there is something to be said for what may be called restricted nephrolithotomy. As Hartmann has insisted, if upon exposure of the kidney a stone can plainly be felt in its substance and near to its surface, it is best to cut down upon it directly through the renal substance if the radiograph has shown that the stone is single, and that therefore further exploration of the kidney is unnecessary. A small incision only is necessary, little damage to the kidney substance is done, and the operation has the merit of rapidity, directness and simplicity. If several calculi are present, and if each of them is to be plainly felt near the surface, a cut directly down upon each of them may be the best course to -pursue, but only if the operator is certain beyond doubt that he can feel each of the calculi shown by the radiograph. After limited nephrolithotomy each of the incisions should be closed by one or more loosely tied catgut sutures. During the incision of the kidney and the extraction of the stones, the kidney pedicle should be compressed by the assistant's fingers.
BIPOLAR NEPHROTOMY (LEGUEU).
In cases in which the stone or stones cannot be palpated externally, some surgeons recommend that the kidney-pelvis should be reached by two incisions which follow respectively the upper and the lower thirds of the kidney-splitting incision, the uppermost and the lowest calyx being opened. In this way it is said that the whole kidney can be explored. I do not think, however, that free access to the pelvis can be obtained in this way. The communication of the upper calyx with the pelvis is often a very narrow and restricted orifice (fig. 4 ), and I found in a case of my own that it was useless for reaching and exploring the pelvis. The same objection applies to the lower calyx, though to a much less extent.
UNIPOLAR NEPHROLITHOTOMY.
Albarran recommends an incision into the lower pole, following the lower third of the convex border of the kidney, as a means of exploring the renal pelvis. The same objection applies to this operation. It does not open the main cavity of the pelvis, and affords very restricted access to that cavity. Though it is true the narrow opening of the calyx into the pelvis may be enlarged with scissors, it still seems undesirable and clumsy to approach a branching cavity such as the renal pelvis from the side where it breaks up into branches. Strategically, it should be approached from the opposite side, where it is a single simple cavity. from which the branches diverge. From this point and from no other all the branches can be explored with ease. The plumber seeking a defect in a drainage system opens the manhole into which the accessory drains converge, and from which they are all accessible. He does not reach the manhole by splitting up one of the small drains and enlarging its orifice into the manhole, but opens the manhole directly. nephrotomy to be an unsatisfactory operation, and that, save for the limited exceptions already made, the kidney should be explored for stone by way of the renal pelvis, for this cavity bears the same relation to the kidney as the manhole to the drainage system from the fact that all the accessory ducts converge to it and can be explored from it; and there is the further resemblance that the renal pelvis like the manhole can be easily opened and recrosed without injury to the drainage system.
PYELOTOMY.
At the present day there would probably be a consensus of opinion that stones known to lie in the pelvis should be extracted by pyelotomy. I would go further and maintain that pyelotomy should be the routine first step in the operative examination of a kidney for calculus, and that nephrolithotomy should be regarded only as a last resort.
The Technique of Pyelotomy.-The opening of the renal pelvis is an operation of comparatively recent introduction. I nnd for instance that in the 1904 edition of Cheyne's and Burghard's "Manual of Surgical Treatment" the operation is not mentioned. The accepted method of performing the operation is thus described by Thomson-Walker : " The kidney is drawn out of the lumbar wound. The organ is grasped in the left hand of the operator and turned forwards and upwards so that the posterior aspect of the pelvis is exposed. The fat covering the pelvis is removed with dissecting forceps. A posterior branch of the renal artery lying immediately within the renal sinus and irregular vessels must be avoided. If a stone is felt in the pelvis it is made prominent by pressure of the fingers on the front of the pelvis, and a longitudinal incision is made upon it thfough the posterior wall. The stone is then removed with forceps.
" If a stone is not felt, the kidney is given to an assistant to hold, and a longitudinal incision is made in the pelvis about I in. in length, a fine catgut suture passed through each lip, and the wound held open by these sutures. A probe is now introduced and the pelvis and calyces are explored. If a calculus is now felt, the probe is held in position and a pair of forceps slipped along it, the stone grasped and removed. "After removal of the stone, the edges of the wound in the pelvis are brought together by interrupted stitches of fine catgut. Over this a row of Lembert's sutures may be inserted.
" Since 1905 I have covered all wounds in the renal pelvis with a flap of the fibrous capsule turned down from the kidney and stitched in place. This has proved very successful in preventing the escape of urine and promoting primary healing. Mayo recommends a flap of fatty tissue for the same purpose.
"A drainage tube is placed behind the kidney and the lumbar wound closed. Usually there is no escape of urine, but occasionally some urine leaks for a few days. Rarely this continues for a fortnight or longer, and a urinary fistula may become established.
" The cases which are suitable for pyelolithotomy are those of small unbranched stones lying in the pelvis." Some surgeons, notably Hartmann, of Paris, maintain that it is quite unnecessary to suture the incised pelvis. Hartmann records six cases of pyelolithotomy, all of them successful. No escape of urine from the wound occurred in any of these cases. Hartmann states that Mayo, in America, has also a,bandoned suture of the pelvis.
There seems to be no doubt that suture of the pelvis is unnecessary. I may remark that Sir J. Bland-Sutton has found suture of the common bile-duct after incision also superfluous. The insertion of a double layer of sutures in the pelvis is a tedious business, which increases the strain of the operation upon the patient's vital powers, while it must also tend undesirably to diminish the size of the pelvis. I cannot help thinking, however, that the firm, immediate and accurate closure of the pelvis after incision is an end desirable in itself if it can be attained quickly and simply. For the past ten years I have employed the method which I will now describe.
SUBCAPSULAR PYELOTOMY.
The kidney having been exposed by a lumbar incision is brought up to the surface intact in its capsule. All the renal pelvis itself is necessary and the duration of the operation is correspondingly shortened. In the case of an infected kidney, the chances of infection of the perirenal tissues are much reduced because the flap or pocket of capsule prevents septic fluid from escaping into them from the incised renal pelvis. The security against a urinary fistula appears to be absolute.
Complications.
I have performed this operation, supplemented when necessary by cortical extrusion of stones, in perhaps nine unilateral cases of renal calculus, and in two bilateral cases. In all the unilateral cases, the calculi were small and lay in the pelvis or in calyces from which they could be extracted by way of the pelvis without incision of the kidney substance. In none of the unilateral cases did any complications worth noting present themselves. In two or three cases a discharge of slightly urinary odour was present for a few days. In one case a stone, after extraction, was lost in the perirenal tissues.
There is a theoretical risk in pyelotomy (see fig. 10 ) of cutting a branch of the renal artery which passes over the upper edge of the pelvis to reach its Path. Series, R.C.S.) A kidney the pelvis of which is nearly filled with a oalculus. The pelvis was surrounded by a large quantity of fat F, which has been dissected away from one side of it.
The calyces are dilated and the substance of the kidney is so much atrophied that some of the dilated calyces nearly reach its surface. The surface is granulated, and, in some situations, seamed and drawn in as if cicatrized after ulceration or loss of substance.
Note that all the branches of the pelvis lie within the cavity of the renal sinus, and that a sibeapsular pyelotomy would open the main pelvic cavity. posterior surface, but in ten years I have had no trouble from this source. I believe that reflection of the fibrous capsule in the subcapsular operation must push this artery out of danger-an additional advantage of the method. I have avoided carrying the incision in the pelvis right to its upper border, so as to minimize this possible risk. The re-suture of the capsular flap secures efficient haemostasis of any small vessel in the divided edges of the pelvis.
It might be thought that the operation of pyelotomy would be difficult or impossible in cases of compound branching pelvis. It will be found, however, that the branches of such a pelvis lie right within the sinus of the kidney and that an incision made in the way directed, just in the line of the hilum, enters the main cavity even of a compound branching pelvis. A specimen from the Royal College of Surgeons Museum (fig. 11 ) illustrates this point. I may add that I have not yet failed to find the cavity of the pelvis when it is incised in the way described.
The suture of an incision in a compound branching pelvis might well prove to be impossible without producing a dangerous stricture of its cavity. But if the subeapsular method of incision be adopted the problem does not arise. 241.2, Physiological Series, R.C.S Museum.) Kidney with compound branching pelvis. A human kidLney, injected and divided longitudinally to show the chief points in the structure of the kidney with pelvis of the multiple type.
The ureter dilates a short distance external to the hilum to form a common pelvis which divides within the " sinuis" to form two main branches that in turn break up into minor branches or infandibula each related to one or occasionally to two mammillEe, through which the uriniferous collecting tubes of a pyramid open. The blood-vessels pass through the hilum into the sinus and enter the kidney substance in the interspaces between the infundibula of the pelvis. The fat in which in nature the vessels are embedded has been removed. The separation of the kidney into cortex and medulla is clearly marked by the rich arterial supply to the cortex and by the radial striation of the medulla due to the direction of the collecting tubes and the position of the veins between them.
In the kidney represented in fig. 12 it is possible that instead of opening the main pelvis two separate infundibula might be entered. But their common attachment to the flap of capsule would ensure the reconstitution of the pe'lvis and minimize the risk of a subsequent fistula.
Bidigitcal Exploration of the Kidney.
In cases in which a probe introduced into the calyces fails to detect a calculus known to be present, time should not be wasted in needling the kidney.
The incision in the pelvis should be enlarged cautiously to an extent sufficient to permit the gentle introduction into the pelvis of the gloved forefinger of the left hand in the case of the right kidney, and vice versa. I am aware that some surgeons object to the introduction of the finger into a deep wound as vitiating asepsis. With this objection I can only agree if the word " unnecessary" be inserted before the word "introduction." It is unwise to erect a general principle into a fetish. For certain purposes in surgery the gloved finger gently used, and with due precautions as to asepsis, is not only the safest, but the only instrument which will supply the necessary information, since it is the only instrument the outer surface of which is in direct connection with the observer's brain. When the finger has been insinuated into the pelvis it will go no farther. The calyces are inaccessible to it. They are, however, not impalpable. If a finger of the other hand be used to make counter-pressure on the convex surface of the kidney (fig. 13 ), it is, I think, most unlikely that any small induration produced by a calculus in a calyx can escape observation. Even if the small calculus be mobile within a cyst, as in one of my cases, a vague induration will be felt by this bidigital method and will invite exploration. In the case of a stone lying in a calyx a gentle impulse given by the internal finger will be felt by the external finger as a definitely localized " lift " imparted to the external finger over a small and well-defined area of the kidney surface. Extrusion of Calyx Calculi throughi the Renal Cortex.
When a stone has been located in a calyx, the finger within the pelvis may be withdrawn and an attempt may be made to seize the calculus by a forceps introduced by way of the pelvis. Frequently, however, a constriction between the calyx and the pelvis will render the attempt unavailing. It is probably better as a rule not to make the attempt, but to retain the internal finger within the pelvis. The finger is used to press the calculus gently towards the cortex and, with the point of a knife, the calculus is cut down upon through the cortex by an incision hardly longer than the diameter of the calculus. This step is r i'. A little extra pressure and the calculus can often be made to protrude on the surface of the kidney through the small incision, or if this does not happen it is easy to extract it, fixed as it is by the internal finger, by introducing suitable forceps into the little incision, which is subsequently closed with a single catgut suture ( fig. 14) . Search is then made for otber calculi which, if present, are removed in the same way, each through a separate small incision. The efficiency of the search which can thus be made is illustrated by the kidney shown, from which more than a dozen calyx calculi were removed. The operation was a severe one and the case is the only fatal one of my series.
After death no residual calculi were found in the kidney.
Thomson-Walker states that " in an exploration of a kidney for a stone which cannot be felt in the pelvis, pyelotomy . . . is looked upon as inferior to nephrotomy. In a single large pelvis (ampullary pelvis) Legueu looks upon the two operations as being equally efficient." If, however, there is a branched pelvis, Thomson-Walker regards nephrotomy as the better operation. It is here that I cannot agree with him for the reasons already stated. At the entrance to the hilum, the line in which a pyelotomy incision is made, it will usually be found that even a branching pelvis presents a single cavity which can be incised sufficiently to admit a finger. The branches of a branched pelvis lie in the deep concavity of the hilum (fig. 11 ), and from an operative point of view are merely elongated calyces. At any rate I have not yet met with a pelvis which was not amenable to pyelotomy. I am indeed prepared to admit that in a branched pelvis it might be quite impossible to extract by way of the pelvis, calyx calculi or even calculi in a main branch of the pelvis. This, however, I do not regard as an argument for nephrotomy. The difficulty can be overcome, without risk of haemorrhage or injury to the kidney, by the adoption of the bidigital method of exploration and by extruding the stones by means of small multiple incisions in the renal cortex. This may indeed be called a limited nephrotomy, but in practice there is the widest difference between this method and the usual splitting of the kidney.
The most complete splitting of the kidney may fail to hit off the plane of one or more of the calyces, so that nephrotomy does not really afford so much security against missing a stone as is given by the bidigital method.
It is usually stated that urinary fistula occurs more frequently after pyelotomy. than after nephrolithotomy, a view endorsed by Thomson-Walker. Schmieden's percentage of fistulas after pyelotomy was as high as 22. There would here appear to be a real advantage in favour of nephrotomy, but I believe that pyelotomy by the method I have described to-day is never followed by a urinary fistula. At any rate the complication has not yet occurred in my experience, and it is on this account as much as by reason of its simplicity of technique that I venture to commend subeapsular pyelotomy combined when necessary with bidigital examination and cortical extrusion of calyx calculi, as the best plan of dealing with most cases of renal calculus. History: She had complained of an intermittent gnawing pain in the right side for two years. An appendectomy had been done without benefit. The pain was worse after exertion, but eased by lying down. Since September, 1914, when she had a severe attack of pain and felt sick, the urine had been much darker. Similar attacks have since recurred twice or three times a week.
On admission the temperature was normal, and the urine free from blood and albumin. The kidneys could not be felt.
Operation: On December 31 the kidney was exposed by a lumbar incision and delivered. The pelvis was opened by subcapsular pyelotomy and a rough stone the size of a large pea was removed from it with a spoon. The capsule was sutured, the kidney returned, and the wound closed. Six days later the urine still contained much blood and albumin. The following day the drainage tube was removed. No urinary discharge had occurred. On the thirteenth day there was no blood in the urine and the patient left the hospital on the twenty-sixth day with the wound soundly healed.
Case II.-Patient, a male, C. L., aged 27, admitted to the Middlesex Hospital under my care on November 17, 1922. History: About fifteen years previously this patient had a calculus removed from the right kidney. Five months before being admitted to hospital, he had pain in the back on the left side, and noticed that his urine had a reddish tinge. Pain has been continuous, but patient has been able to do his work. The pain is less when he lies down. On October 2 the pain became acute, he vomited the following morning, and the attack passed off. Another attack began on October 10, and lasted until October 14, preventing him from doing his work. On October 15 pain came on again, and has been continuous ever since. The pain has always been in the back, and has never radiated down the thigh or to the testicle.
Condition on admission: Temperature 102'2' F., pulse 112, respiration 24. Patient looks ill, and complains of pain in the loin on the left side. On palpation the kidneys cannot be made out, but there is tenderness on the left side below the twelfth rib, and external to the erector spine muscle. There is slight tenderness on the right side in the same region. Urine 1012, acid, contains albumin and blood. X-ray report: Group of large calculi in right kidney. Two calculi present in left kidney. Handley: Lumbar incision on the left side. The kidney was delivered partially and with great difficulty; it was found to be greatly enlarged, having a short pediele and its surface showed lobulation. The capsule was incised in the posterior surface near the pelvis, but it was not found possible to do a subcapsular pyelotomy on account of the shortness of the pedicle and the elongation of the patient's thorax. The two stones which could easily be felt in the lower pole were therefore extracted by direct incision of the renal cortex over them; one was the size of a small plum and one the size of a cherry. The opening in the kidney substance was closed with capsule sutures and the capsule was closed. The kidney was then replaced in the abdomen and vaseline gauze packed round the incision in it (on account of tendency to ooze). Wound closed with catgut sutures. A drainage tube was left in. The end of the vaseline gauze protruded through the incision.
November 14: Blood-stained discharge on gauze dressing this morning; drainage tube shortened and about 8 in. of vaseline gauze removed.
November 15: Remainder of vaseline gauze removed this morning. Bloodstained discharge on dressing. No leakage of urine since; no effervescence is obtained on pouring a solution of sodium hypobromite upon the dressing. December7: Some fluid discharged from wound, not smelling of urine. A few days later the wound was healed completely, and the patient rapidly recovered his strength.
December 18: Prepared for operation. Temperature normal in the mornings, rising to 990 F. at night. Pulse 84 as a rule.
December 18, operation by Mr. Handley: Patient was placed on the left side and an incision was made in the right loin. The kidney was exposed and numerous capsular adhesions found and divided. The kidney was withdrawn. One stone could be felt close to its surface at the upper pole and was removed through the cortex, an opening over it being made with Spencer Wells forceps. It was about the size of a walnut. Another stone could be felt through the same opening and was removed in like manner: it was larger than the first. The pelvis of the kidney was now opened under cover of the capsule, and five stones were removed with forceps through this opening. Four other stones were found at the lower pole of the kidney and were removed through the cortex, one finger of the surgeon being in the pelvis of the kidney to push the stone towards the surface. The kidney was irrigated with flavine through the cortical wounds. After this several small stones were removed, and finally one blocking the entrance to the ureter. The cortical incisions were sutured to control the very considerable amount of haemorrhage that occurred. Wound sutured with catgut and dressings applied.
Patient was returned to bed in fair condition, showing signs of shock. He continued fairly well, but at 3.20 a.m. of the following day he collapsed suddenly, and died. No evidence of external bleeding on the dressings. Post-mortem: Small amount of blood round right kidney, not sufficient in itself to account for death. No residual stones were found in the kidney. Cerebro-spinal fluid gave no evidence of uraemia. Death was probably due to cardiac failure.
It would have been wiser, I think, to send this patient home for three months before doing the second operation.
Mr. E. C. Dodds, who kindly analysed the calculi, reported that they were composed of calcium oxalate and urate, with an outer coating of sodium phosphate.
Case III.-Mrs. H., a delicate woman, aged about 40, was sent to me by Dr. Joseph White, of Clapham, in July, 1921 . In October, 1914 , she had an attack of cystitis, and in March, 1915, blood for the first time appeared in the urine. For a fortnight in October, 1917, she had pain in the left kidney. In June, 1921, she noticed heematuria without any other symptoms. The urine was smoky rather than bright, and she did not consult a doctor. In July, 1921, she again had pain in the left kidney, with frequent micturition and hiematuria. The following day she had a temperature of 1000 F. and vomiting. She was slightly delirious and complained of headache. On pelvic examination the left ovary was found to be enlarged and very tender, but this swelling may have been connected with the ureter. There was much blood in the urine, and the pain of the day before was now relieved. The signs pointed to a stone in the left ureter now passed into the bladder. There was undue resistance and fullness in the left loin, but the kidney could not be felt. There was some increased resistance of the left anterior abdominal wall, but none of the muscles in the left loin. A skiagrain of both kidneys and the pelvis was advised. The X-ray photographs, taken by Mr. Coldwell on September 16, 1921 , showed a large calculus in the left kidney lying low down close to the ilium. In the left ureter, just below the sacro-iliac joint, there appeared to be a small calculus. In the right kidney there were two calculi-one large, and a small one lower down.
It was decided to operate on October 21, 1921, upon the left kidney first. The kidney was much enlarged. It was cut down upon in the loin, and the pelvis was opened by the subcapsular method. A large stone, firmly adherent to the kidney substance, was abstracted from the lower end of the pelvis. The skin incision was now prolonged downwards and inwards, and search was made for the stone in the ureter below the rim of the pelvis, but it could not be found.
It appears likely that the ureteric calculus had passed five days previously to the operation, on the day when a second skiagram was taken, which showed the ureteric calculus still in the ureter. On that day, on returning home, the patient became " frightfully ill" with sickness and pain in the lower iliac region at 4 p.mli., and at 7 p.m. the pain suddenly disappeared. These facts were only elicited after the operation.
When the operation was over there was no escape of urine from the lumbar wound, although a urinary smell could be detected on the first day. There was some pyrexia reaching to 1020 F. on the third and fourth nights, but this subsequently subsided. Slight haematuria on the first day only. The wound healed without suppuration, and the pain was relieved. On October 5 the left kidney was decidedly smaller, and the patient's condition was very satisfactory.
In September, 1922, it was decided to operate upon the right kidney. An incision was made from the angle between the twelfth rib and the erector spine downwards and forwards towards the anterior superior spine. The kidney was brought to the surface, and the posterior surface of the capsule was incised for about 3 in. near the convex border of the kidney, and the pelvis was opened with the point of a scalpel cautiously introduced beneath the capsule flap. The opening was then enlarged with a pair of forceps until a curved pair of forceps could be introduced, which easily gripped a large stone free in the pelvis. A sound was then introduced into the calyces in all directions but failed to find any sign of another stone. No induration could be felt in the kidney substance on palpation. A gloved finger was now carefully introduced into the pelvis, but still no stone could be felt. However, upon bimanual palpation between the finger in the pelvis and an external finger, two areas of slight induration corresponding to the two small stones in the radiograph (fig. 1 ) could be detected in the substance of the kidney. Short incisions about an inch long, through the kidney substance at its convex border, entered a cystic cavity at both points where induration was felt.
Slightly turbid fluid escaped from the cysts, which were evidently not in conmmunication with the pelvis of the kidney. Two small calculi were found severally free in the interior of each cyst. The upper calculus was of recent origin, for it was not shownx in the skiagram of the right kidney taken eight months before the operation. The kidney substance was sewn up, the capsular flap was replaced in position and fixed by two or three stitches, a small drainage tube was introduced, and the skin incision sutured. No urinary discharge occurred during convalescence. A little pyrexia was present for a few days, and subsequently the patient made an uninterrupted recovery.
In July, 1922, the patient's husband reported that she was "miiiarvellously well." MH-S 2 * DISCUSSION. Mr. FRANK KIDD said that the question of the pathology and technique of the removal of stones from the kidney was one of great complexity and difficulty, so that only the fringe of the subject could be touched upon at a discussion like this. For instance, an infected kidney gave rise to stones of a peculiar character and had then to be approached and treated in a very different manner to a stone-containing kidney which was not infected; and again, wisdom might dictate a nephrectomy rather than a nephrolithotomy in difficult unilateral cases and might not only be an ope&ation attended with less risks, but might also ensure freedom from recurrence.
Confining his remarks to the question of stones lying in a non-infected kidney he emphasized the point that complete splitting open of the kidney as at a post-mortem examination was a highly dangerous procedure and one that should seldom, if ever, be carried out. If a stone was so large and branched as to necessitate the splitting of the whole kidney it often meant that nephrectomy was preferable to nephrolithotomy, nephrectomy being a less dangerous procedure and ensuring freedom from relapse.
What was the danger of splitting the kidney? It was hemorrhage. Immediate haemorrhage from the slitting of large arteries might be so severe that it could not be controlled, with the result that the kidney had to be sacrificed straight away. On the other hand, it might be possible to control the bleeding by catgut stitches and yet on the eighth to the tenth day the kidney digested these stitches and severe secondary hEemorrhage occurred, for which nephrectomy in a hurry was the only remedy if life was to be saved. He had had only one such case in his own practice-a patient with a very septic kidney operated on in a military hospital under poor conditions-for he had hardly ever needed to split the kidney, and indeed had carefully avoided doing so as he knew the dangers. But he had noticed in hospital records that quite a number of cases of secondary hkemorrhage occurred, following nephrolithotomy, at the general hospitals. He had pointed out the dangers of splitting the kidney in an article he wrote for Treves's " Surgery," giving diagrams of the arrangement of the bloodvessels. Nevertheless this did not mean that pyelolithotomy should be adopted as a routine procedure. It also had its dangers of hvemorrhage, as he would show. Wherever possible one should endeavour to make an incision through the pelvis and remove a stone or stones through that incision as it was the safest and simplest method of extracting stones of moderate size from the kidney, but one should not make an exclusive practice of this procedure. If there was a single nose-stone lying in the pelvis itself this should be lifted out at once without chipping bits off. The opening in the pelvis should be explored by the gloved little finger, which was better than any probe, and the whole kidney and every calyx palpated in turn bimanually. If further stones were known to be present and were detected gripped in the neck of a calyx it would be found in nearly every case that the cortex was thinned out into a cyst superficially to these stones, in other words a local hydronephrosis of a single calyx. For many years he had taught that knowledge of this fact of the thinning of the cortex over a stone in a calyx was the key to successful and conservative stone surgery. It was a very simple matter to make a small incision through the thin cortex when a dimple could be felt over each stone and to pull out each stone through this. The incision need not be more than half an inch long, so that there would be no serious bleeding. Each wound was stitched up with catgut and neither leaked urine nor gave rise to secondary hemorrhage. This procedure was far less dangerous than to attempt to drag a stone through the narrow neck of a calyx. Large arteries and veins usually surrounded the necks of calycess and by the dragging of a stone through the narrow neck these vessels became liable to be torn, and bits of stone were also chipped off and left behind. By thus combining pyelotomy with small incisions over individual stones through the thinned cortex it was usually possible to avoid gross splitting open of the kidney.
If it was decided the kidney should not be sacrificed and yet that it should be split to get out a large branched stone, in the first place the pedicle should be temporarily controlled, and in the second place an incision should be made through the " bloodless line" of Brodel which he (Mr. Kidd) had described in Treves's " Surgery," and not through the outer border of the kidney as performed in the post-mortem room. The stone should be grasped with the greatest gentleness so as to avoid fragments being left behind. If bits of stone were chipped off the kidney should be thoroughly washed out with several pints of lotion until the operator was satisfied that no chips were left behind. In all cases a bougie should be passed down the ureter as far as the bladder.
Every case of stone in the kidney or kidneys should be made a study in itself. It was not possible to lay down universal rules. Judgment and experience were the keys to success. X-ray pictures should be taken at several days' intervals on at least two occasions in every case. No case should ever be operated on after one X-ray examination only, nor should any case be operated on simply because the X-rays showed up a stone. Adequate indications such as undue pain or evidence of renal damage must be present to warrant an operation. With good X-ray pictures it was usually possible to map out the number and position of all the stones present and to make up one's mind as to the type of operation likely to be required. The final decision. however should not be made until the kidney had been exposed and was in the hand of the operator. It was always advisable to get the kidney right out on to the loili before exploring it for stone, as in this position it could be better explored, and hbmorrhage, if it arose, could be better controlled. This was more often possible through the type of posterior incision he (Mr. Kidd) employed than through the lateral incision usually adopted in this country. The technique of the operation was then decided upon after a combined study of the X-ray plates and of the kidney in hand.
He (Mr. Kidd) had lately returned from America, where he had had the opportunity of seeing the Mayos at work. Off and on for many years kidney operators had endeavoured to apply X-rays by means of the fluorescent screen to kidneys at operation, but so far with little success. He (Mr. Kidd) was interested to see that the Mayos were now employing a new type of machine with a small Coolidge tube by means of which they were able to screen the kidney exposed at operation. The experience of the Mayos had been that a great many stones were left behind in the kidney. They stated that if the kidney was cleared of stones completely relapse was not likely. They showed one kidney which was supposed to have been cleared of stones, but the X-ray investigator maintained that a small stone was still present. The kidney was eventually taken out and was opened up by a pathologist, who stated that he could not find any stone. The kidney was X-rayed again and the radiographer stated the stone was still present. The kidney was then sliced up into small pieces and the stone was found. The experience just recorded showed the difficulty of making sure at operation that all stones had been removed and he thought that very shortly it would be necessary to employ an X-ray apparatus at any operation for stone in the kidney. As yet the apparatus was rather dangerous to the operator, but it was being perfected, and he (Mr. Kidd) hoped to make use of it shortly.
The risk of fistula after pyelotomy was a bugbear based on the experiences of the early operators. Personally, he had never seen such a complication, and he had carried out more than one hundred pyelotomies. Fistula could only occur if little pieces of stone were chipped off and left behind, preventing natural drainage of urine from the stitched pelvis. There need, therefore, be no fear of doing a pyelotomy because of the risk of a fistula.
During the last year he had operated on four cases of bilateral renal calculi and in each case he had done both kidneys at one sitting. It always seemed to him very bard on patients with bilateral calculi that they should have to undergo two operations. In the first place a large number of cases with bilateral calculi did not need any operation at all. Cases of bilateral calculi should not be operated on simply because the X-ray pictures showed stones, they should only be operated on if they had urgent or dangerous symptoms. If he considered operation necessary he preferred to operate on both kidneys at one sitting. He found he could deal with both kidneys in about an hour and twenty minutes, the patient lying on the face so that there was no need to move him between the two operations. In cases in which he had done this the patients. had had no more shock than after an ordinary operation and had done extremely well.
Surgeons should not undertake to operate on stones in the kidney unless they had made a special study of the minute anatomy of the pelvis and calyces of the kidney, and the relation to them of the arteries and veins. A good knowledge was also necessary of the numerous common types of abnormality of these structures.
Finally, he would warn them against being too ready to adopt MIr. Sampson Handley's line of incision in pyelotomy. He understood Mr. Sampson Handley had only carried out this particular operation in about nine or ten cases. If he were to do it in one hundred consecutive cases in quite a number he would strike a large aberrant artery which ran down from the renal artery posteriorly to the pelvis. AVery often it would be just under the kidney substance in the hilum of the kidney. It was not always an easy matter to correct a wound of this artery, and the necessary ligatures cut off the blood supply of a large area of kidney substance. For that reason he thought that the line of incision Mr. Sampson Handley recommended should not be widely adopted. It was much safer to make an incision from the ureter longitudinally upwards, and then, if desired to enlarge the incision, to carry it outwards and downwards into the kidney substance for a short way so as to avoid the artery he had mentioned. In that way quite a large opening could be made. Incisions in the renal pelvis should always be sutured, if possible. It only took a few minutes to suture them and then cover them with a flap of fat; nevertheless, if inexperienced operators found difficulty or need arose for rapid closing of the wound then it was safe to leave them unsutured; but the wounds took longer to heal up and were more liable to septic complications. He always expected to get first-intention healing without any leak of urine at any time from his pyelotomy wounds. Nevertheless it was a wise precaution to leave a small drain in the wound for a few days.
Mr. J. SWIFT JOLY said that he endeavoured in each case to select the operation which would do least damage to the kidney. No rigid rule could be prescribed as to the relative merits of nephrolithotomy and pyelolithotomy. MAuch depended, to begin with, upon the patient's physique. In a fat person, with a thick abdominal wall, the kidney perhaps could not be got sufficiently out of the loin to enable pyelolithotomy to be done with safety. Again, the relative size of the stone to the area of the renal pelvis was a factor to be taken into account. If a stone was definitely in the renal pelvis not extending up into the calyces a pyelolithotomy could almost always be done, providing the kidney could be brought out of the loin. There was no real limit to the size of the true pelvic stone which could be got out through the pelvis. Recently he had removed two stones from a kidney pelvis through a pelvic incision, the larger stone being about the size of a hen's egg and the smaller about the size of a cherry; but the patient had a dilated pelvis, and it was easy to get them out. But when, owing to branching, the stone involved calyx as well as pelvis it was not always possible to get it out through the pelvis, and to attempt that operation was to do more damage to the kidney than would be done by making a clean cut through the kidney itself. When there were stones both in the pelvis and in the calyces the line of conduct would be governed chiefly by the amount of dilatation of the pelvic-calyx system. If the kidney was dilated amd the pelvis and all the calyces were dilated, these stones could be got out through the pelvis quite comfortably; but if, as often happened, though the pelvis was dilated, there was a very narrow opening between pelvis and dilated calyces, he thought it wrong to try to enlarge that opening either by dilatation or by cutting through the pelvis. It was much safer to cut through the cortex in such cases, and while taking the pelvic stone out through the renal pelvis to take the smaller stones out by way of the cortex. He went on to consider thc methods of exploring the kidney in those uncertain cases in which the X-rays showed a small shadow, whose exact position was uncertain, and nothing was very palpable. Generally the X-rays gave a good idea of the locality of the stone, and this greatly simplified the operative technique. But if quite in the dark as to where the stone was the rule he followed was first to look at the renal pelvis. With a big pelvis, extending well out from the kidney, he opened it and passed in his little finger and explored the calyces one by one. If he could find nothing there he made an incision over the lower third of the kidney and cut down on the lower calyx.
One was given a much more direct line of action from the cortex downwards than from the pelvis upwards. This plan of exploration could be continued, but it was rarely necessary nowadays, for usually the surgeon was able to have a map of the position before he started.
Mr. R. H. JOCELYN SWAN said that it was usually taught that renal calculi were only formed in the renal calyces, but he had shown a case and operated upon it before a meeting of the Section of Urology in which a calculus was firmly embedded in the cortical substance of the kidney. This case was also of interest from the position of the calculus in the radiograms; in the antero-posterior view the shadow seemed to be too lateral to be in the kidney and suggested a gall-stone, but in the radiograph taken in the lateral plane, the shadow was opposite the neural arches of the vertebrEe and not opposite the centre of the vertebral bodies as was usual with renal stones.
With regard to the operation to be performed for renal stone, he thought that each individual case must be separately considered. He much preferred to extract a stone through an incision in the posterior wall of the pelvis if this were possible rather than through any incision in the renal substance, and it was surprising how large a stone could be remnoved in this way. In some cases he had enlarged the incision upwards, actually incising the margin of kidney overhanging the pelvis, any bleeding being easily controlled by suture. In some cases in stout patients or with very large or branched calculi direct incision had to be made in the renal cortex, or again when a second operation had to be performed for stone on a kidney previously operated upon. Most cases were obvious when the kidney was exposed, when the best means of approach to the stone could be determined, but he would always attempt a pyelolithotomy if the conditions permitted. He had experienced difficulty with small calculi in a long calyx; in these cases he advised that an opening should be made in the pelvis and the little finger introduced to feel the stone. Pressure could then be made on the latter towards the renal surface, when, the calculus being maintained in position with the finger in the pelvis, it could be easlly removed by a very small incision in the renal tissue.
As stated by another speaker he had a dread of secondary hbemorrhage occurring after a nephrotomy incision and had had on more than one occasion to remove the kidney as a life-saving measure for severe hwemorrhage after this operation. In one case under a colleague, severe hEemorrhage had occurred after a nephrolithotomy and upon the evacuation of the clot from the bladder a catgut suture used in sewing the renal cortex came away. He thought that Mr. Handley's operation was ingenious, but it would be applicable only in those cases in which pyelolithotomy could be done or where the posterior surface of the kidney could be freely exposed. He was sorry to think that Mr. Handley had recommended it as a safeguard against fistula resulting from a pyelolithotomy, as in his (Mr. Swan's) experience this was rare, in fact in his own series of cases he had not seen it. He did not think it even necessary to do the elaborate suture of the renal pelvis or to turn the fascial covering over the incision as he was advised by Sir John Thomson-Walker, but he was content with a few sutures or even one fine suture to approximate the edges of the incision in the pelvis. He had more than once left the incision unsutured, after ureterolithotomy for instance, without any fistula resulting.
Professor HOBDAY stated that calculi of the urinary tract were of comparatively common occurrence in animals, and although found in all varieties were especially met with by the veterinary practitioner in the long-lived species such as the horse and the dog. They were, however, occasionally met with in the sheep, the cow, and the pig, but generally found by the meat inspector in the slaughter-house. In the horse he had met with instances in which the calculus had been of such a size that nothing but the capsule of the kidney was left, and he illustrated jagged shapes which somlle of these calculi took by showing on the screen, by means of the epidiascope, several sketches taken from actual specimens in the kidney of the dog.
Mr. HANDLEY (in reply) said he was pleased to find that a large measure of agreement existed as to the superiority of pyelotomy over pyelolithotomy save in exceptional cases. He hoped that Mr. Frank Kidd would give a trial to the subcapsular method, for the danger of wounding the posterior branch of the renal artery appeared to be a theoretical one. He believed that during the elevation of the capsule this arterial branch was pushed out of danger with the capsule. Mr. Swift Joly's remarks confirmed him in the view that it was usually best to extrude calyx calculi through the cortex with a finger in the pelvis, rather than to attempt their extraction through the pelvis. He was very interested in Mr. Jocelyn Swan's case, in which a calculus was found imbedded in the cortex. Evidently a calculus might originate in the cortex in at least two ways, either in its solid substance or in a cyst. Professor Hobday stated that calculi were more frequent in long-lived animals. If so, they should be common in the crocodile; he (Mr. Handley) understood that this reptile might live for one hundred and fifty years.
